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Executive Summary
Solder joints are critical to the reliability of circuit boards. If gold is introduced to the solder
joint, brittle AuSn4 intermetallic compounds develop which affect reliability of that solder joint.
To determine the effects of gold when dissolved into a non-lead solder joint, a process was
developed in order to apply gold content onto SAC305 solder paste. The gold was transferred as
a paste from a micropipette onto each individual solder bump. This process was designed to
apply a range of gold content from 1.0 wt. % to 10 wt. % to each individual solder joint. The test
board vehicle designed for the gold paste application integrated three different types of
components; SOP-14, chip resistors and QFN packages.
Four trial runs were conducted to assess the quality and determine viability of this process. The
first runs failed because the paste was not viscous enough. The second run attempted to test the
process at 1.0 wt. % Au but failed because the components floated off their pads. The third and
fourth tests attempted to apply gold paste at 1.0 wt. % Au and then at 10 wt. % Au, this resulted
in the correct component positioning on the test board. The Au wt. % was not verified and needs
further inspection to determine whether the process was successful or not.
The results from the 1.0 wt. % Au solder joints indicated that the gold paste was successfully
applied to leads spaced far apart. The components placed on a 10 wt. % Au solder joint, drifted
off center shorting leads together resulting in unknown gold concentrations.
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1 Introduction
Gold is an element used in many electronic manufacturing processes because of its beneficial
properties. “The Au layer is used to: 1) protect the Ni layer from oxidation and corrosion; 2)
enhance the soldering wettability; and 3) improve wire bondability in some application” [1].
When gold becomes contaminated within solder joints, AuSn4 intermetallic compounds begin to
form. The formation of AuSn4 Intermetallic compounds is detrimental to the strength of each
solder joint. “The embrittlement of SAC305 solder is driven by the precipitation of a AuSn4
intermetallic layer between the bulk solder and the SnNi intermetallic” [2]. As industry trends
have moved away from SnPb solders, Rohs compliant solder SAC305 contaminated with gold
has been studied to determine the effects of these AuSn4 intermetallic compounds.
Current processes to apply gold to solder joints are not robust and repeatable enough to study its
effects. These processes utilize the plating of gold on surface pads to dissolve into the solder
joint to create AuSn4 intermetallic compounds. This is restricted to surface plating thickness and
the stencil thickness used to apply solder paste to the surface pads. Trends have been observed
with this technique that as gold content increases, reliability decreases. “In shear testing, impact
testing, and thermal cycling, SAC305 solder joints degrade with increasing gold content” [2].
Results specific to a gold wt. % are difficult to deduce. In order to determine a large range of
effects of gold contamination within a non-lead solder joint, a robust process must be developed
to apply varying amounts of gold precisely and reproducibly to a solder joint.
In order to tackle this problem, a method of controlling the amount of gold within a solder joint
is key to this success. A test vehicle was developed that will not only be utilized in studying the
various processes developed for this experiment but to then be used for reliability testing. A
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program was developed to accurately capture the volume of solder paste based on laser scan
measurements that will ensure precision of the process as well as a method to transfer gold onto
a solder joint. A few process designs will be tested and then analyzed for effectiveness in
delivering gold and minimizing cost. The scope of this project is nine months from prototyping
to a final result. This report will be organized to understand the process design and then to follow
the methodology in which each step is performed.
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2 Literature Review
To determine the effects of gold in a SnAgCu (SAC305) solder joints, previous studies have
focused on the gold plating of surface pads on a printed circuit board. The gold from the surface
pads dissolve into the joints during oven reflow degrading the solder joints through two known
mechanisms “1) A gold layer dissolves from one side of a surface mount joint and precipitates
AuSn4 compound onto the opposing termination and 2) the gold fully dissolves from a surface
mount termination, but it results in excessive gold weight percentage in the joint” [3]. When
plating gold, the thickness varies which reduces accuracy when estimating the amount of gold
within the joint. “The actual thickness of the gold plating was measured at six points on the
board using Xray Fluorescence (XRF)” [2]. The plating thickness measurements varied from 3.0
to 4.2 µinches for ENIG with the greatest thickness measurements ranging from 50.7 to 63.2
µinches for a plating thickness goal of 50 µinches. These thickness deviations lead to large errors
when calculating the actual gold content within a joint.
As increased Gold content diffuses into the solder joint, AuSn4 intermetallic regions begin to
form degrading the reliability of that joint. A study determined that “if Cu is available to
dissolve in the solder joint, then an Au content under 5 wt% will not significantly degrade the
reliability of the solder joint. When Ni layers are present on both the board and the component
sides of the interface, this limits the ability of Cu to dissolve into the solder joint, and hence an
Au content of 3 wt% is acceptable.” [4]. The results indicated that the reduction of copper
diffusion into the solder joint reduces the joints ability to resist formation of AuSn 4 intermetallic
compounds.
These studies lack a robust and accurate method of applying gold to solder paste. Different
stencil and gold plating thicknesses are used to create a range of gold content within the solder
3

joint. “The specified plated gold thickness and stencil thickness were varied to create solder
joints with a range of gold content” [2]. This process lacks repeatability because the wt. % Au
can only be calculated once the 3D solder paste measurements were determined. Equation 1 is
used to determine the actual gold content within the joint.

𝑙𝑏𝑜𝑛𝑑 × 𝑊𝑏𝑜𝑛𝑑 × 𝑡𝐴𝑢 × 𝜌𝐴𝑢
(𝑉𝑜𝑙𝑝𝑎𝑠𝑡𝑒 × 𝑉𝑜𝑙%𝑠𝑜𝑙𝑑𝑒𝑟 × 𝜌𝑠𝑜𝑙𝑑𝑒𝑟 ) − (𝑙𝑏𝑜𝑛𝑑 × 𝑤𝑏𝑜𝑛𝑑 × 𝑡𝐴𝑢 × 𝜌𝐴𝑢 )

[1]

“where lbond and wbond are the solderable length and width of the bond pad, respectively, tAu is the
gold plating thickness, Au is the density of gold (19.3 g/cc), volpaste is the solder paste volume,
vol%solder is the metal content in the solder paste, and solder is the density of the solder alloy” [2].
The gold content varies from each pad due to changes in gold plating thickness and volume of
solder. As the number of variables affecting wt. % Au increase, the ability to repeat an
experiment for consistent results diminishes.
These previous studies have determined that gold affects the reliability of solder joints but lacks
the ability for repeated results. It is generally accepted that gold content below 3 wt. % within a
solder joint is acceptable but none of the methods used in these studies are capable of adding
gold to a solder joint repeatable at 3 wt. % [4]. Reducing variability and increasing precision is
the key to establishing a study capable of applying gold to solder joints in which conclusions can
be made.
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3 Design
The design for this experiment includes, 1) Test board design, 2) solder joint design and, 3) Gold
paste design. The test board is a vehicle used to simulate a real manufacturing setting when
developing solder joints. It will also be used to test the reliability of each joint which is beyond
the scope of this project. The solder joint design includes the various contact surfaces such as
components leads, printed surface pad finishes and the solder paste, interconnecting the
components to the board. The gold paste is a vehicle in which gold was transferred to the solder
joint.

3.1 Test Board Design:
The test board is used to simulate the manufacturing setting in which this process will be
utilized. Three packages were chosen for
this project, SOP-14, MLF and chip
resistors. Each IC package was daisy
chained for easy resistance readings.
These packages are placed at least 0.5 in
horizontally and vertically apart for easy
paste application and various reliability
testing procedures. Fiducials are placed
on three corners to line up the stencil
used for applying solder paste and for
Fig. 1 Test Vehicle Board Design
automation

vision

when

placing

components onto the board.
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3.2 Solder Joint Components
The solder paste used in this study is SAC305; it is comprised of 96.5% tin, 3.0% Silver, and
0.5% Copper. Each component lead and surface pad has a tin finish to ensure that no gold from
any other finishes are introduced into the joint.

3.3 Gold Paste Design
A gold paste is used to transfer Gold particles into the solder joint. The gold is controlled within
the paste and fully dispersed into solution. Nano-gold at 90 (nm) in diameter is used because of
its increased surface area. It is coated with organic molecules known as a ligand to make it
dispersible in water. A solvent is used to create an acid-base reaction assisting in particle
dispersion and to decrease separation over time. Adding a no clean tacky flux (TSF-6522RH),
thickens the mixture so the solution does not flood the board during application.
3-MERCAPTOPROPIONIC ACID - C3H6O2S
The 3-Mercaptopropionic Acid is an
organosulfur compound with a thiol that
gives it the strong acid charactoristic. This
acid is known as a ligand which assists in
crosslinking between molecules aiding in
dipersing the gold into water. The ligand is

Fig. 3 3-Mercaptopropionic Acid Chemical
Structure

initially mixed with gold, water and THF. It attaches to the gold molecule and creates a bond
between the Sulfur molecule in the ligand and water Molecules in the THF solvent. This bond is
what makes gold soluable in water. Once the gold completely dissolves into water, it can then be
mixed with other constituents that will adjust the thickness and gold content of the mixture.
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Fig. 4 Chemical Structure of the Ligand and Gold combined
The strength of this design is the ability to apply gold at any volume to a joint repeatable and
precisely. The chemical structures that make up the gold paste are volatile so that when heated to
oven reflow temperatures, the chemicals will dissipate leaving only gold and solder.

THF (Tetrahydrofuran) - C4H8O
THF is a solvent classified as a strong base. When mixed with
gold paticles coated in the 3-mercaptopropionic acid, the acid
base reaction between the THF and ligand assists with mixture
dispersion. THF also ensures that the mixture will stay
dispersed over a period of time reducing the amount of settling.

7

Fig. 2 THF Chemical Structure

4 Methodology
4.1 Developing the Gold Paste
When developing the gold paste to apply to the solder joint, three basic requirements were used
to analyze the effectiveness and precision of applying the gold paste; 1) Homogeneous mixture
of gold, 2) volatile chemical structure to be released in gas form during oven reflow, and 3) High
viscosity mixture to reduce paste movement once applied.

Trial One: Adding gold to a Low Viscous Flux
The initial trial was conducted using a low
viscous flux and 90 (nm) Nano-Gold. The
flux used in this experiment was a
solution of Zinc-Chloride, a water-soluble

Zero Tare
environmentally friendly flux. A 5.0 (ml)
glass vile was placed on a mass scale
(Figure 5) capable of measuring to a tenth
of a mg. The mass scale was then zeroed

Fig. 5 Mass Scale

and Nano-Gold was slowly added with a scoopula until the scale indicated around 25.0 (mg).
The reading was recorded at 25.5 (mg) and the calculation at approximately 5.0 wt. % Au from
equation 1 was used to determine the amount of flux to be added.

𝑓𝑙𝑢𝑥(𝑚𝑎𝑠𝑠) = 𝐴𝑢(𝑚𝑎𝑠𝑠)

(100% − 𝑥%𝑔𝑜𝑙𝑑)
𝑥%𝑔𝑜𝑙𝑑

[2]

Where, the flux (mass) is calculated based on the percentage in which the mass of gold is
intended to be part of the mixture.
For example, if 50 (mg) of Au is intended to be 95.0 wt. % within the mixture, the mass of flux
that needs to be added will be 2.63 (mg) to account for the other 5.0 wt. %.
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The flux was calculated to be 484.5 (mg).
The mass scale with the vile and gold on it
was then zeroed once again and the flux
was added drop by drop with a glass
pipette until the calculated amount was
reached. The flux amount was recorded to
be 512.3 (mg) and then the actual
percentage of gold in the mixture was

Fig. 6 2510 Branson Dispersion system

calculated by equation 2. The calculation indicated that the mixture was 4.74 wt. % gold.
𝑤𝑡. % 𝐴𝑢 =

𝑔𝑜𝑙𝑑𝐴𝑐𝑡𝑢𝑎𝑙(𝑚𝑔)
𝑔𝑜𝑙𝑑𝐴𝑐𝑢𝑡𝑎𝑙(𝑚𝑔) + 𝑓𝑙𝑢𝑥𝐴𝑐𝑡𝑢𝑎𝑙(𝑚𝑔)

[3]

Mixing Gold and Flux was done using
two different strategies, one using the
BRANSON 2510 ultrasonic cleaner
(Figure 6) and the other utilizing A
Sonicator Ultrasonic Processor XL 200

Gold Aggregate

Disrupter (Figure 8).
When using the BRANSON 2510, the
sample was prepared in a 5.0 (ml) vile
with a cork to contain the solution

Fig. 7 Results of Gold and Flux after Sonication

within the vile. The Vile was submerged in the ultrasonic bath for two hours which yielded gold
aggregating at the bottom of the vile seen in Figure 7. This method was not aggressive enough
which lead to using the Micro-tip Sonicator.
9

The Micro-tip Sonicator is a dispersion
system

that

operates

at

20.0

(khz)

compared to the 40.0 (khz) system used by
the

Branson

2510.

Using

a

lower

frequency, the mixture is combined at a
higher rate of turbulence. This excessive
turbulence is used to break up larger
chunks of aggregated gold to then be
dispersed into solution. The mixture of
flux and aggregated gold used from the
initial Branson experiment was then
prepared for the Micro-tip Sonicator. A
25.0 (ml) vile was placed on the mass

Fig. 8 Micro-Tip Sonicator in solution Chemistry
Undergrad Lab

scale then zeroed. The aggregated gold
used was then transferred into the new vile and the reading was recorded. The calculation from
equation 1 was used for gold a 1.0 wt. % to determine the amount of flux to be added. The scale
was zeroed and flux was added drop by drop until the amount was approximately the value
needed. Equation 2 was then used to determine the actual amount of gold in the mixture. The
percentage was recorded then the mixture was transported to the Micro-tip Sonicator. The Microtip was submerged a half inch into solution and the vile was clamped into position. The
Ultrasonicator system was then turned on and tuned for optimal performance. A calibration bar
graph is minimized by turning an amplitude knob that creates turbulence within the mixture
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(Figure 9). The mixture was dispersed for two
hours before it was decided that it was not

Calibration Bar Graph

breaking up the aggregate effectively.
Initial results of trial one indicated that the
system in place is not sufficient enough to
disperse the Nano Gold into Solution. The
ultrasonic bath (Branson 2510) yielded minimal
effectiveness and is not a viable solution with
the current material selections.
The collected aggregates that were expected to
Fig. 9 Ultrasonicator System

be broken up in the Micro-tip Sonicator once

the new mixture was made had stayed together. The Sonicator was unable to disperse the chunks
of gold into solution after two hours of mixing. Heavy aggregate chunks of gold were seen at the
bottom of the vile before disposing of the solution so that new methods may experiment with.

Trial Two: Adding Gold to a Ligand
Adding gold to a flux solution was unsuccessful so a different approach was taken. 0.1 (ml) of
the ligand (3-Mercaptopropionic acid) was added to 50 (mg) of the gold particles to coat the
outside of each individual particle so it may become soluble in water 0.1 (ml) of the solvent THF
(Tetrahydrofuran) was added to keep the gold dispersed in solution. Solvents help suspend the
particles in solution and reduce the aggregation of particles over time. 1.0 (ml) of Deionized
water was added to attach the sulfur exposed from the ligand, dissolving the gold contents into
solution. The solution of Gold, THF, DI water and ligand were sonicated until the majority of the
11

gold had dispersed. Dispersion was indicated by a change in color of the water shown in Figure
10.
When applying a small volume of the solution, it was clear that the viscosity was too low. Any
amount of volume flooded the board; this led to uncontrolled gold particles which burned on the
surface when going through reflow seen in Figure 11.

Fig. 11 Gold Solution Wet on Board
Fig. 10 Dispersed gold solution

Trial Three: Gold Paste developed for 1.0 wt. % Au joint contamination
To reduce flooding of the board, a high viscosity flux was added to the gold ligand and THF
solution. A little over 2.0 (ml) of solution was added to 5.0 (g) of a no clean tacky flux (TSF6522RH) in a 50 (ml) glass bottle and stirred using a scoopula. Figure 12 shows the combined
mixture ready for application. This mixture is not completely homogeneous do to premature
crystallization of the gold powder. As the Nano-gold begins to crystallize to become solid gold,
it becomes harder for the gold particles to disperse into solution. It is possible to create a much
more homogeneous solution of gold and flux by using materials quickly and not allowing
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chemical reactions to prematurely occur. By adding a high viscosity flux, each droplet applied to
the joint did not run all over the board. It stayed central to where the package leads contact the
board.

Fig. 13 Gold Paste Droplets

Fig. 12 Gold Paste developed for 1.0 wt. %
Au Contamination

Trial Four: Gold Paste developed for 10.0 wt. % Au joint contamination
To help assess robustness of this process, the methods from trial three were repeated using only
1.4 (g) of flux instead of the initial 5 (g) of flux. The reduced amount of flux increased the gold
content of the mixture but decreased the viscosity leading to a thinner mixture. When combining
the gold to the Ligand, the solution sat for three weeks. This allowed more of the gold to disperse
before mixing it with the flux resulting in a more homogeneous mixture seen in Figure 15. In
order to mix the gold solution with flux, the two mixtures were mixed together with a wooden
stick seen in Figure 14. No extra processing was needed but since the flux is organic, it must be
stored in the refrigerator for future application.
13

Fig. 14 Gold Paste developed for 10 wt. %
Au Contamination

Fig. 15 Mixing Gold Solution
into Flux

4.2 Establishing Surface Pad Datum’s
Collecting datum points on the surface pads with the OGP vision scope determines the bottom
plane needed to estimate the volume of the solder paste. This plane establishes the normal vector
and centroid that will determine perpendicular distances from the point cloud (solder bump).

Board placement
A fixture that was previously made to attach to a coordinate measurement machine is used to
establish a surface, back and left side datum. This is used to ensure correct orientation of the
board every time it is placed and removed so the program may be run and utilized multiple times.
As seen in Figure 16, the text “Test Board” is hanging off the end of the fixture facing the back
datum. This is due to the fact that a pin connector is a through-hole component meaning pins
may be inserted and soldered. Before placing the board in the fixture, the surface of the fixture is
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wiped clean and the board is pushed snug touching all datum’s. Once oriented and in place, the
machine vision capabilities are utilized to select pad surface points to create each individual
datum.

Board Connector
Fig. 16 Fixture and Board Placement

Fig. 17 OGP Vision System

Programing the OGP Vision Capabilities
To program the OGP vision scope open
up MeasureMind 3D MultiSensor on the
desktop. From there, it will ask you

Auto Focus

press start/stop on the computer then
seek stage home. Once the machine has
started up, you are automatically ready
to start programming. Figure 18 displays
Plane Command
the programming Toolbox. To program
datum’s, plane command is used to
Fig. 18 OGP Vision Scope Programming Screen
collect three points for each surface pad.
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Once the plane command is selected, a green box will be displayed on the screen. The joystick
used for moving the slide table also allows for zoom. Once the pad has been zoomed in to see all
the neccesary features, clicking in the middle of the green box will autofocus the image. Cross
hairs will now show up in the middle of the box and if the point is satisfactory, “enter” on the
joystick may be pressed to accept the point. Once three points are chosen for the pad, the plane
may then be named by clicking on nominal and then accepted if satisfactory. This process must
be done for each surface pad. Once all the pads are programmed, the routine may be saved and
then used to collect future datum points. The points taken from each pad must then be exported
into a notebook format so the point locations may be uploaded into an excel file.

4.3 Applying Solder Paste
When the points have been taken on the top surface of each pad, solder paste is then applied.
Once the test board is removed from the fixture, a 5.0 (mil) thick stencil with holes for the
surface pads cut is placed over the bare circuit board. The stencil is secured with tape and the
SAC305 solder paste is then
squeegeed over the openings in
the stencil. When satisfied that
the paste has been adequately
applied,

the

stencil

is

then

removed. Each surface pad should
now have a solder paste bump
ready to be scanned to determine
the solder bump volume.
Fig. 19 Spreading solder paste over a 5.0 mil thick Stencil
16

Fig. 20 Exposed Solder Bumps after Stencil Removal

4.4 Solder Paste Measurement
The OGP Vision Scope laser scan collects a point cloud for data manipulation which will then be
used to determine the volume of solder paste.

Board Alignment
In order to accurately capture each volume of solder, the board must be oriented back to the same
position that the datum points were measured. To position it, the surface of the fixture was wiped
clean and the board sat flat while contacting each side of the fixture with the connector end
overhanging.

OGP Vision Scope Laser Scan
Once the board is oriented correctly; the solder joint is then scanned. Each individual joint is
characterized by thousands of points creating a point cloud data stream of the solder paste bump.

17

When programming the scan, the laser icon must be selected. Box scan strategy should then be
selected at the bottom of the screen.
The strategy moves over the pad back
and forth until the entire area has been
scanned.

To use this strategy, three

points were selected; the first point
selects the start position, the second
selects the direction of travel and the
third point identifies the opposite end
of the pad. A scan distance between
points was 0.001 (in) and a scan width

Fig. 21 Laser Scan Setup Window for solder bump

between lines was 0.001 (in) because
of time constraints. The resolution

Laser Scan

increases as distance between points
decreases making a better estimate of
the paste volume. The scan may be
Scan Options

selected once all the options are input.
The three dimensional (3D) image will
begin to update on the screen as the
laser begins collecting points seen in

Fig. 22 3D Scan of the Solder Bump

Figure 22. When the scan is complete, hitting done will allow the next solder bump scans to be
programmed.
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When all the scans are complete, the routine can be saved so that future boards may be placed in
the fixture and the “run routine” option may be selected. Once the entire routine has been run,
the data should populate a folder as long as the part setup has been enabled to export data
automatically.

4.5 Automating Component Placement
Automating component placement saves time and increases positional accuracy. For this reason,
a Pick and Place machine was programmed for the test board utilized in this project. Time is
valuable because as soon as the solder paste touches the board it begins drying out. Individually
placing each component by hand can lead to poor positioning or leads shorting together. This
method of component placement is the key to success of this project because it is a consistent
outcome by removing human error.

Fig. 23 Test Board Fixturing

Fig. 24 Pick and Place Machine Assembly Setup
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4.6 Excel Data Volume Manipulation
Excel was used to manipulate the points collected from the OGP vision scope to determine the
solder paste volume. This volume was then used to determine how much gold paste to apply to
the solder bump in order to account for a certain wt. % Au within the joint.

Fig. 25 Graphical model the solder bump R1 Pad2 Test Run Three using JMP Pro 11

Calculating the normal vector and centroid to the datum surface
Three points were taken on the surface pad to find the normal vector 𝑛̅ and the centroid P0 which
was then used to calculate perpendicular distances to the top surface of the solder bump.

𝑛̅ =

(𝑃2 − 𝑃1) × (𝑃3 − 𝑃1)
‖(𝑃2 − 𝑃1) × (𝑃3 − 𝑃1)‖
20

[4]

Ʃ𝑋𝑖 Ʃ𝑌𝑖 Ʃ𝑍𝑖

𝑃𝑜 = (

𝑛

,

𝑛

,

𝑛

[5]

)

Fig. 26 Determining the Normal Vector and Centroid

Determining perpendicular distances from the datum to the point in space
In order to determine the perpendicular distance from 𝑃𝑜 𝑡𝑜 𝑃𝑖 (the point in space) the three
dimensional vector must first be calculated by a simple subtraction equation.

3𝐷 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = (𝑃𝑖 − 𝑃𝑜)

[6]

From there, the three dimensional Distance can be dotted with the normal vector to
establish the perpendicular distance to the plane.

𝑃𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = (𝑃𝑖 − 𝑃𝑜) • 𝑛̅

Fig. 27 perpendicular distance to Pi
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[7]

Filtering out negative numbers
By definition the dot product is the angle between two vectors, any angle greater than 90 degrees
will return a negative value. Using this geometric proof, a simple operator check will sift out any
points taken below the datum plane ensuring that only solder spheres on the pad will add to the
overall volume of the composition.

𝑛̅ • (𝑃𝑖 − 𝑃𝑜) = ‖𝑛̅‖‖(𝑃𝑖 − 𝑃𝑜)‖ cos 𝛳

[8]

𝑤ℎ𝑒𝑟𝑒: 𝛳 > 90 = (−), 𝛳 < 90 = (+)
Fig. 28 Filtering out Negative Numbers

Calculate the volume column from p1 to p2
Multiplying the perpendicular distance from the datum plane to the point in space by the absolute
change from 𝑋1 𝑡𝑜 𝑋2 and the laser spacing of 0.001 (in), the volume from one point to another
can be calculated.
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𝐶𝑜𝑙𝑢𝑚𝑛 𝑉𝑜𝑙. = |𝑋2 − 𝑋1| × 𝑝𝑒𝑟𝑝. 𝑑𝑖𝑠𝑡.× 𝑠𝑐𝑎𝑛 𝑤𝑖𝑑𝑡ℎ (𝑖𝑛3 )

[9]

Fig. 29 determining volumes from point to point

Riemann Sum to determine volume estimate
Summing up the column volumes from 𝑝𝑜𝑖𝑛𝑡 1 𝑡𝑜 𝑝𝑜𝑖𝑛𝑡 𝑋 will give a good estimate of the
amount of material on each individual surface pad.

Fig. 30 summing up individual volumes to estimate the solder paste volume

𝑆𝑜𝑙𝑑𝑒𝑟 𝐵𝑢𝑚𝑝 𝑉𝑜𝑙. = Ʃ 𝑐𝑜𝑙𝑢𝑚𝑛 𝑣𝑜𝑙. 𝑖

[10]

Where, 𝑐𝑜𝑙𝑢𝑚𝑛 𝑣𝑜𝑙. 𝑖 is the volume of a column from one point to another.

Calculating gold percent
To calculate gold needed at a certain wt. % of a joint, the solder paste volume is multiplied by
the density of the paste and the metal percent content. The density of SAC305 solder paste is
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7.38 (

𝑔
𝑐𝑚3

) and the metal percent of the solder is 88 𝑤𝑡. %. A unit conversion is used to convert

(𝑖𝑛3 ) into (𝑐𝑚3 ) not only because the rest of the constants use (cm) but it is easily changed in
(ml) measurements so a volume of paste may be quickly measured and added to the composition.
𝑀𝑎𝑠𝑠𝑋%𝑔𝑜𝑙𝑑 =

𝑋
𝑀𝑒𝑡𝑎𝑙 %
× 𝑝𝑎𝑠𝑡𝑒 𝑉𝑜𝑙𝑢𝑚𝑒 × 𝑝𝑎𝑠𝑡𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 ×
× 2.543 (𝑐𝑚3 )
100 − 𝑋
100

[11]

4.7 Applying Gold Paste
Once the components have been placed on
the boards, the gold mixture may then be
applied to the joint. A micropipette capable
of dispensing fluid from half of a (µ𝐿) to ten
(µ𝐿) of fluid with high accuracy will control
the amount of gold applied to the joint.
The mass percent of gold from the volume

Fig. 31 Applying Gold Mixture with a Micro pipette

simulation can be converted into a volume. Knowing that the smallest volume the micropipette
can dispense is 0.5(µ𝐿), the volume to be applied needs to stay as close to that value as possible.
To determine the volume concentrations, the ratios of each substance in the gold mixture must be
calculated.
𝐺𝑜𝑙𝑑 𝑝𝑎𝑠𝑡𝑒 𝑎𝑡 𝑒𝑎𝑐ℎ 𝑗𝑜𝑖𝑛𝑡 (µ𝐿) = 𝐴𝑢 + 𝐴𝑢 ∗

𝑇𝐻𝐹(𝑆𝑜𝑙𝑛. )
𝐻20(𝑆𝑜𝑙𝑛. )
𝐹𝑙𝑢𝑥(𝑆𝑜𝑙𝑛. )
+ 𝐴𝑢 ∗
+ 𝐴𝑢 ∗
𝐴𝑢(𝑆𝑜𝑙𝑛. )
𝐴𝑢(𝑆𝑜𝑙𝑛. )
𝐴𝑢(𝑆𝑜𝑙𝑛. )

[12]

Where Au is the amount of gold needed for that particular joint calculated from equation 11.
THF (Soln.), H20 (Soln.) and Flux (Soln.) is the total amount of that substance originally mixed
in the gold solution. Gold Soln. at each joint implies the total volume that will be applied at that
individual joint.
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4.8 Reflow Oven
To create a solid unified solder joint once the gold mixture has been applied, the circuit board
must travel through a reflow oven. The reflow profile is programmed specifically to melt the
solder at higher temperatures required for non-lead solder pastes. The program reaches a
maximum temperature of 250C required to melt the solder without distorting or burning the
circuit board. Each program follows a basic heating/cooling curve that is designed to heat each
component and board up evenly reducing stresses and distortion within the joint. The board took
approximately five minutes to travel through the oven on a conveyor.
The program from a previous project was uploaded to the oven specifically designed for nonlead solders. Andon lights indicated when the oven was ready for use; red was a warning light,
yellow meant wait and green meant ready for operation. As soon as the light turned green, the
machine was ready for the circuit board to be loaded onto the conveyor. A sensor at each end of
the conveyor (Fgure 32) let the machine know whether there was circuit board in the oven. Once
the board made it all the way through, it dropped out the other end and ready for use.

Fig. 32 Reflow Oven in the Electronics mfg. lab
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5. Results
Results

from

inconclusive

this
and

project
need

were
further

exploration. Gold applied at 1.0 wt. %
of the joint had consistent red-brown
coloring on each component. Not all
the components stuck to the board as
the

gold

percentage

increased.

Packages with lead spacing’s of 50.0
(mils) were cross contaminated with
gold during the application process
and shorted together during reflow
seen in Figure 34. Increasing the gold

Fig. 33 Completed board with 1% gold applied

content and decreasing lead spacing’s limit the capability
of this process.
The results indicated that this process has potential. SEM
images must be prepared to verify the solder joint metal
content. The current design has potential and offers
possibilities

for

simulating

the

effects

of

gold

contamination within a non-lead solder joint. The actual
cost to produce gold contaminated solder joints was much
less than expected. Productivity was above one board

Fig. 34 SOP-14 package with shorted leads

per hour which was the projected time estimate. The design of the process should be changed to
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increase the thickness of the gold mixture and to automate application of gold to each joint. In
thickening the mixture, the solvents, DI water and flux should be minimized so that the gold
particles are better controlled within the solution.
Some of the inconsistencies were due to the limitations of equipment and their locations. Solder
joints were exposed to outside air conditions and moisture when moving from one instrument to
another. A clean room with all of the equipment located next to each other would yield better
results. The actual gold content in the test boards still remains a mystery because samples have
not been prepared for the scanning electron microscope. Another remaining question is whether
the chemicals used to produce the gold mixture have combined within the joint or fully
evaporated during the reflow process.

5.1 Cost
The primary focus of determining costs for this method of applying gold paste is to analyze the
costs due to gold and the various chemicals seen in Table 1. Nano-Gold is the costliest
component of this process at $5,814 for 25g. Sticky Flux is the second costliest component of
this process. It accounts for approximately 36.3% of the cost needed to develop the paste. The
THF and 3-mercaptopronic acid only account for 4.7% the cost making these costs much more
manageable. As economies of scale are implemented, this cost will become much lower possibly
making this method economically feasible.

27

Table 1. Total Cost of the Gold Paste Application Method
Total gold content of one board (g)
Total gold (g) for 1000 boards
Total flux (g) for 1000 boards
Total 3-mercaptopropionic acid (ml) 1000 boards
Total THF 1000 boards
Total Cost

10 % Cost (10% Gold)
1%
0.019
0.0017
19.0
$4,418.00
1.70
1900
$2,723.00
51.9
3.8
$31.10
.346
38.0
$4719.22
3.46
$11,891.00

Cost (1% Gold)
$395.35
$74.39
$11.63
$429.70
$911.07

Table 2. Cost of Materials
1 L THF (http://www.rightpricechemicals.com)
4.105 ml 3-mercaptopropionic Acid
25.0 (g) 90nm gold nano-particles (http://mknano.com)
30 (g) tacky flux (http://www.testequity.com/products/13537/)

$124.19
$33.60
$5,814.00
$43.00

Table 3 Amount of Gold for each Test Board
Package Type
Metal Content/ Board
SOP-14
0.1028
MLF outside Pads
0.0143
MLF inside Pad
0.0338
1206 chip Resistor
0.0125
0805 chip Resistor
0.0076
Total gold content/ board (g)

Gold at 10%
0.0114
0.0016
0.0038
0.0014
0.0008
0.019

Gold at 1%
0.00104
0.00014
0.00034
0.00013
0.00008
0.0017

5.2 Economic Analysis
An analysis was conducted on two different gold contamination methods to determine the most
economical process to produce 1000 test boards. The two methods were analyzed based on costs
associated using the gold paste developed in this project and an electrolytic gold plating process.
Based on the assumptions made in Table 4 and Table 6, the electrolytic gold plating process is
1.2X the cost of the new process of contaminating solder joints with gold. The cost advantages of
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the gold paste are mainly seen when producing small batches because of the minimal cost of
setup. The equipment costs for electrolytic plating are due to the many different chemical baths
and amount of plating solution used. The productivity of applying a gold paste is very poor
because it is time consuming and labor intensive. By increasing the productivity, the gold paste
application process will become more feasible for mass production. Based on producing 1000
test boards, the gold paste method is the best decision.

Table 4. Assumptions for Electrolytic Gold
Plating

Total Test Boards
Total copper surface area (in^2) for 1000 test boards
Labor Fee
Productivity (boards/hour)
Equipment and setup costs
Gold thickness
Cost of gold plating solution for 321.2 (in^2)
Cost of each bare circuit Board
Cost of component/ board

1000
321.2
$10.00/hour
50 boards/hour
$45,000.00
7.50 microns
$840.00
$1.50
$2.25

Table 5. Costs Associated with Electrolytic Gold Plating
Labor costs
Fixed costs
Costs of plating solution
Costs of circuit boards with components
Total Costs

$200.00
$45,000.00
$840.00
$3,750.00
$49,790.00

Table 6. Assumptions for Gold Paste Application
Total Test Boards
Total copper surface area (in^2) for 1000 test boards
Labor Fee
Productivity (boards/hour)
Equipment and setup costs
Wt. % Au
Cost of gold paste for 321.2 (in^2)
Cost of each bare circuit Board
Cost of component/ board
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1000
321.2
$10.00/hour
1 board/hour
$20,000.00
10.00
$11,891.00
$1.50
$2.25

Table 7. Costs Associated with the Gold Paste Method
Labor costs
Fixed costs
Costs of Gold Paste
Costs of circuit boards with components
Total Costs

$10,000.00
$20,000.00
$11,891.00
$3,750.00
$45,641.00
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6. Conclusion
The goal of this project was to develop a robust process to contaminate gold accurately to a
solder joint. To accomplish this, a test board was designed, An OGP Vision scope was set up and
a method to apply gold was developed. In order to find the best solution, experimental methods
were used to determine the process with the most potential. The following results were noted.


The effectiveness of this process was inconclusive.



As the amount of paste applied to each joint increased, packages were more likely to float
off their surface pads.



Packages with 50 (mil) lead spacing’s were cross contaminated from gold paste on other
pads.

The most important results were as the gold paste amount increased, the packages were more
likely to float off their surface pads. Other important results indicated that 50 (mil) lead spacing’s
were too small making this process useless for most IC packages in its current configuration.
In general, the theory of contaminating solder joints with gold by applying a paste allows for too
much error. The paste must be the right consistency and the right volume in order for the
packages to not slide off their pads. The gold paste must be homogeneously mixed with Gold
particles for the application method to be effective. The solder paste bumps must be accurately
measured to determine the right amount of gold to contaminate the solder joint with.
Even though the results were inconclusive, each objective was met. A test board that may be
utilized in future experiments was designed, measurements using an OGP Vision Scope were
implemented and a method to transfer gold was developed. This project was a huge learning
experience. I learned everything from material science for understanding intermetallic
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compounds to the functionality of Ligands. I developed programs that integrated vision
instruments to excel spreadsheets and how to use chemicals responsibly and safely. If I redid this
project again, I would spend more time initially understanding the problem and what I can do to
narrow the focus. I didn’t truly understand the objective of this project until I had nearly
completed it. The most time consuming part of this project was developing the gold paste used to
apply gold to the joint. I recommend talking to students and Professors in the Chemistry
Department early on to understand gold and how to transform it into a paste. This would have
removed some of the stress towards the end of the project.
Based on these findings, I would recommend improving the design of the gold paste. By
improving the paste for better gold particle control and the reduction of package movement the
process will be much more effective.
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